Introduction
============

Prader-Willi syndrome (PWS, OMIM 176279) is the most common cause of severe obesity in early childhood, and was first described by A. Prader, A. Lambhart and H. Willi in 1956 ([@r1]). PWS is the result of a genetic disorder caused by the lack of expression of genes on the paternally inherited 15q11.2-q13 region ([@r2]).

The basic clinical characteristics include reduced muscle tone, which starts during intrauterine development and causes decreased fetal movements. In newborns and infants, hypotonia disrupts feeding and weight gain. However, feeding difficulties cease soon and excessive food intake develops, leading to morbid obesity. Obesity is accompanied by changes in the body composition, with increased body fat tissue and concomitant reduced amount of muscle mass. Despite obesity, these children do not grow properly and stay short; sexual development is absent and psychomotor development is retarded as well ([@r3]). Most PWS patients have mild intellectual retardation with an average intelligence quotient (IQ) of 61, within a range of 40-103 ([@r4]).

Individuals with PWS have a characteristic dysmorphic phenotype, i.e. narrow bifrontal diameter, short eye slits and thin upper lip. Small hands and feet are predominant; hair, eyes and skin are often lighter than in other family members ([@r5]).

DNA methylation test will determine the critical genetic region inherited exclusively from the mother and thereby confirm the diagnosis in 99% of patients. There are three main genetic mechanisms responsible for the development of PWS. In 65%-75% of cases, the cause is a deletion of the father's chromosome in the 15q11-q13 region, 20%-30% of patients will have maternal uniparental disomy of chromosome 15, and a defect in the region that controls the imprinting process is responsible in only 1%-3% of patients ([@r6], [@r7]). Genetic analysis is essential for confirmation of the disease in all patients, especially in those who have not yet developed clinical characteristics of the disease or display atypical features. Early confirmation of the diagnosis, usually during the workup for neonatal hypotonia, is an opportunity to implement all treatment options available as early as possible ([@r8]).

The incidence of the disease is difficult to determine, however, based on data from the European countries it ranges from 1:10,000 to 1: 30,000 live births, with a prevalence in the general population of 1:50,000. Today, there are 350,000-400,000 affected individuals worldwide. An increase in the incidence is expected, as uniparental disomy is more common in older mothers. The mortality rate among affected individuals at the age of 6-56 years is 3% *per* year, as opposed to 0.14% in the general population ([@r9], [@r10]).

Overweight in otherwise healthy children during the growth period results in normal final height, frequently above the genetic potential and midparental height. Despite being overweight, children with PWS lag behind in growth and end up short. Consequently, growth hormone (GH) secretion is decreased and insulin-like growth factor (IGF 1) ranges are within the normal limits. The mean final height is below midparental height; in males, it amounts to 161.6±8.1 cm (-2.4 standard deviation score, SDS) and in females to 150.2±5.5 cm (-2.5 SDS) ([@r11]). Short stature despite obesity, body composition with predomination of fat tissue, low IGF 1 levels, poor response of GH to pharmacological GH stimulation tests and decreased spontaneous GH secretion during 24 h clearly indicate GH deficiency ([@r12]). As a GH deficit is present in 80% of those affected, testing before recombinant human growth hormone (rhGH) therapy is not required and only IGF 1 levels need to be evaluated, serving as useful indicators of the patient compliance to therapy and his/her GH sensitivity ([@r7], [@r12]). Besides GH deficiency, absence of the pubertal growth spurt due to hypogonadism or hypothyroidism can also contribute to the development of short stature.

In the late 1990s, randomized controlled studies confirmed the positive effect of rhGH therapy on the course of PWS. This therapy accelerated growth and improved final height, increased the amount of muscle mass and muscle tone, and thereby muscular strength, and the capacity for physical activity. The portion of fat tissue was decreased and respiratory function improved, while positive behavioral changes were also noted ([@r13], [@r14]). Based on this, the US Food and Drug Administration (FDA) approved the use of rhGH in PWS children with short stature in the USA in 2000, and the European Medicines Agency (EMA) approved its application, indenpendently of height, in Europe in 2002, with the intention to improve body composition. Thereby, rhGH therapy has become a standard in the management of PWS children in developed countries.

Hypothalamic dysfunction not only causes pituitary hormone deficiency, but also other features of PWS such as unstable temperature, high threshold for pain, and inability to induce vomiting. These features make it more difficult to diagnose acute illnesses. Particular caution is needed with binge eating, which may cause choking, as well as stomach dilatation with necrosis and perforation ([@r8]).

Two deaths of our PWS patients in adolescence were a strong motivation to improve the outcome of the disease. Thus, we were the first in Croatia to apply rhGH in our patients in 2009. Until now, seven children have been included in the treatment, four of which have been followed up for ≥2 years. By presenting the results, we want to draw attention of a wider medical public in Croatia to the possibilities of such treatment for this rare disease.

Patients and Methods
====================

We conducted a retrospective analysis of patient histories of four PWS patients, one girl and three boys, who were and/or are currently treated with rhGH due to PWS. The genetic basis of the disease was confirmed in all patients. In the female patient, blood samples from the biological parents were unavailable; therefore, the diagnosis was made only by methylation test; in the other three patients, molecular testing confirmed microdeletion or uniparental disomy. Additionally, each patient was karyotyped from a sample of peripheral blood.

Immediately before rhGH therapy had been introduced, as well as during the follow-up, anthropometric measurements were performed in all patients; height was measured by the Harpenden stadiometer and body weight by calibrated scales with a lever. All initially measured height and body mass index (BMI) values in kg/m^2^ (according to the formula: body weight in kg divided by height in m^2^), as well as those measured during the follow-up were compared with the standardized National Center for Health Statistics (NCHS) growth curve for the general population of children ([@r15]). In order to unite the values for both genders, we expressed the z-values (SDS) for height and BMI according to the NCHS curve at baseline, after 12 months, and at the last check-up.

At the beginning of treatment, three children were in prepuberty, the girl with breast Tanner stage \<2, and the boys with testicles \<4 mL volume. One boy was in early spontaneous puberty, with testicles 6 mL by Prader and genital development stage 2 by Tanner and Whitehouse ([@r16]).

The doses of rhGH during the treatment were up to 1 mg/m^2^, i.e. 0.035 mg/kg/day (Genotropin; Pfizer Inc., Zagreb, Croatia), and were gradually increased during the first 6-9 months, along with evaluation of IGF 1 levels. From that point on, the doses of rhGH were adjusted every 6 months according to the body surface area and IGF 1 levels.

Fasting blood glucose, insulin level, lipid profile, free thyroxine (fT4), thyroid-stimulating hormone (TSH) and adrenocorticotropic hormone (ACTH) were determined using classic techniques at the beginning of treatment and every 6-12 months thereafter. A low-dose ACTH test was performed at the beginning of treatment in order to evaluate adrenal function.

The homeostatic model assessment of insulin resistance (HOMA-IR) index was calculated using the classic formula: product of fasting blood glucose (mmol/L) and fasting insulin level (mIU/mL) divided by 22.5.

Before therapy introduction and in the first year of treatment, each child underwent all-night polysomnographic recording and had his/her apnea/hypopnea index (AHI) determined. Before introducing rhGH therapy, as well as once annually or as needed thereafter, radiologic evaluation of the spine was performed to see progression of the possibly present scoliosis. Otorhinolaryngoscopic examination evaluated the tonsils and adenoids and indicated adenotonsillectomy when necessary.

The aim of the research was to investigate the effect of rhGH on anthropometric parameters, height and BMI, and evaluate the safety of therapy by observing IGF 1 levels, glucose homeostasis and lipid profile. Levels and secretion of pituitary and peripheral endocrine hormones, as well as the occurrence of adverse effects were also monitored.

Before therapy introduction, the parents signed an informed consent form, which included information on the benefits and possible risks of the treatment.

Results
=======

Starting in 2009, we have been treating four PWS patients with rhGH for ≥24 (range 36 to 96) months. Their most relevant clinical characteristics are shown in [Table 1](#t1){ref-type="table"}. All children were term born; in two of them, delivery was performed by cesarean section due to breech position and threatening asphyxia. In two children, birth weight and length were within the reference range for gestational age, and the other two were small for gestational age. In all children, hypotonia was recorded immediately after birth, leading to diagnostic workup and confirmation of the diagnosis of PWS in three children in the first year of life. In the fourth child, the oldest in the group, diagnostic workup was done at the age of 4, when it became available in our country. All children were included in a habilitation program due to hypotonia and motor retardation. Three children have cognitive development retardation with IQ between 57 and 71, and the fourth child has IQ 83 and attends second grade of the regular elementary education program.

###### Clinical and anthropometric characteristics of children with Prader-Willi syndrome treated with recombinant human growth hormone

  -----------------------------------------------------------------------------------------------------------------------------------
  Patient                           1                         2                         3                      4
  --------------------------------- ------------------------- ------------------------- ---------------------- ----------------------
  Age at therapy initiation (yrs)   10.5                      7.2                       2.8                    5.5

  Gender (M/F)                      M                         M                         F                      M

  Karyotype\                        46 XY\                    46 XY\                    46 XX\                 46 XY\
  genotype/dg                       UPD/3                     Del/1                     MT/1                   Del/1

  Delivery/weeks\                   39\                       40\                       40\                    40\
  Birth weight/length (kg/cm)       3.07/48                   2.47/46                   3.5/52                 2.81/47

  Hypotonia/feeding difficulties    \+                        \+                        \+                     \+

  Psychomotor retardation, IQ       \+\                       \+\                       \+\                    Ø\
                                    57                        63                        71                     83

  MPH (cm)\                         185\                      188\                      Ø                      170\
  c/SDS                             94/1.55                   98/2.1                                           26/-0.63

  Height (cm), c/SDS\               135.6; 26.6; **-0.62**\   115.8/; 13.8; **-1.1**\   84.2; 2.2; **-2.0**\   99.3; **-2.4**\
  Therapy initiation\               145.2; 51.3; **0.03**\    128.9; 56.7; **0.17**\    93.1; 6.4; **-1.5**\   108; 3.7; **-1.8**\
  12 months\                        172.7; 44.3; **-0.14**    164.1; 25.6; **-0.65**    126.3; 20; **-0.84**   120; 6.9 c. **-1.4**
  Currently                                                                                                    

  BMI c/SDS\                        26.8; 99.7/**2.8**\       26.1; 99.9/**3.6**\       17.2; 83 /**0.96**\    17.8; 94/**1.56**\
  Therapy initiation\               25.6; 99.6/**2.6**\       20.1; 97.4/**1.9**\       15.8; 52.5/**0.0**\    15.5; 51.0/**0.0**\
  12 months\                        26.5; 95.7/**1.7**        25.8; 97.3/**1.9**        18.9; 85/**1.06**      18.0; 87.5/**1.15**
  Currently                                                                                                    

  Therapy duration (yrs)            6                         8                         6.5                    3
  -----------------------------------------------------------------------------------------------------------------------------------

M = male; F = female; UPD = uniparental disomy; Del = deletion; MT = methylation test; MPH = midparental height; IQ = intelligence quotient; c/SDS) = percentile/standard deviation score

All patients had normal karyotypes. In two patients, PWS was caused by deletion of the 15q11-q13 region, and in one patient by maternal uniparental disomy of the same region. In the female patient, the diagnosis was made only by methylation test, confirming the lack of expression of the father\'s allele in the 15q11-q13 region because blood samples from the biological parents were unavailable.

Initial problems with feeding were present in two children. The period of hyperphagia began between the second and fourth year of life in all children. The parents of the children that were diagnosed as infants were given instructions about the dietary regimen required.

RhGH therapy started at the age between 2.8 and 10.5 years. Three children were in prepuberty and one boy in spontaneous early puberty, but after two years further progression of puberty was lacking. In one boy, spontaneous early puberty began during treatment at the age of 9.5, and is still progressing. At the point of introduction of rhGH therapy, the patient height SDS was between -0.62 and -2.5. In the children that were not of short stature, previous follow up showed growth retardation. The three children whose parents\' heights were known had a height SDS lower by 1.8-3.2 than the midparental height ([Table 1](#t1){ref-type="table"}).

The growth hormone stimulation test was not performed before the introduction of rhGH; only IGF 1 was measured for the purpose of further follow up. After 3 to 8 years of treatment, there was an increase in height SDS between 0.45 and 1.12, and therapy is still ongoing in three children. After 8 years of treatment, one boy attained his final height of 172.7 cm, 44.3c, -0.14 SDS, which was still below his midparental height (185 cm, 94 c, 1.55 SDS). He started rhGH therapy relatively late, at the age of 10.5 years, and he also developed early spontaneous puberty ([Fig. 1](#f1){ref-type="fig"}, [Table 1](#t1){ref-type="table"}).

![Growth parameters (height SDS, BMI SDS) in PWS patients during RhGH therapy. SDS = standard deviation score; BMI = body mass index; PWS = Prader-Willi syndrome; RhGH = recombinant human growth hormone](acc-57-744-f1){#f1}

At initiation of rhGH therapy, two patients had BMI in the range of severe obesity (BMI \>99 c), one patient\'s BMI was in the range of overweight (BMI \>85c but \<95c), and one child had BMI of \<85c for age and gender, which is consistent with normal weight. After the first year of treatment, there was a significant BMI decrease in all children, followed by its gradual increase. However, at this point of treatment, which has been administered for 3 and 8 years, BMI is still better in three children; in the fourth child, there has been a BMI SDS increase by 0.1 after 6.5 years of treatment, but the absolute BMI value is in the 85 percentile. The young man who has attained his final height has BMI of 26.5 kg/m^2^~,~ 95.7 c, 1.7 SDS ([Fig. 1](#f1){ref-type="fig"}, [Table 1](#t1){ref-type="table"}).

In all children, the planned initial dose of rhGH was 1 mg/m^2^, i.e. 35 µg/kg body weight. The dose was gradually increased during the first few months of treatment and adjusted with IGF 1 levels, which were kept between 1 and 2 SD for chronologic age. The doses of rhGH were in the range of 20-35 µg/kg body weight.

[Table 2](#t2){ref-type="table"} shows PWS children comorbidities and their metabolic status through parameters measured during rhGH therapy. Breathing problems during sleep expressed by the apnea/hypopnea index during all-night polysomnographic recording before treatment initiation were above 1 in three of four children, and the follow-up apnea/hypopnea index 3-6 months after treatment initiation was lower than the initial one in all children or \<1. In two children, adenotonsillectomy was performed before therapy introduction. Two children developed hypothyroidism during rhGH therapy and are now on replacement therapy with levothyroxine. A low-dose ACTH test did not confirm secondary adrenal insufficiency in any of the children. All male children had unilateral or bilateral undescended testes requiring orchidopexy. At treatment initiation, as well as during the follow up, insulin, blood glucose and HOMA-IR were within the normal limits for patient age and pubertal stage of development. None of the children developed diabetes during the follow up. At the beginning of treatment, elevated low-density lipoprotein (LDL) cholesterol was found in two children, but improved during therapy. In the other two patients, LDL cholesterol was within the normal range during the course of treatment. During rhGH therapy, no serious side effects (malignant disease, pseudotumor cerebri, slipped capital femoral epiphysis, sleep apnea disorder) and no fatal outcomes were recorded.

###### Metabolic status and comorbidities in children with Prader-Willi syndrome treated with recombinant human growth hormone

  ---------------------------------------------------------------------------------
  Patient                                    1          2          3       4
  ------------------------------------------ ---------- ---------- ------- --------
  Hypogonadism                               RP/+       Ø          EP/PA   PP

  Testicle retention                         +/orch R   +/orch B   Ø       +/orch

  Hypothyroidism                             \+         Ø          Ø       \+

  Scoliosis/kyphosis                         \+         +, op      Ø       Ø

  Sleep breathing disorders (AHI)\           1.95\      0.52\      1.4\    1.41\
  Therapy initiation\                        0.69       0.97       0.91    1.38
  Follow up                                                                

  Adenotonsillectomy                         \+         \+         Ø       Ø

  Fasting plasma glucose (mmol/L)\           3.9\       3.5\       4.8\    3.7\
  Therapy initiation\                        4.7        4.7        4.8     3.5
  Currently                                                                

  Fasting insulin level (mIU/L)\             2.79\      5.82\      2.0\    4.2\
  Therapy initiation\                        8.5        14.7       7.2     4.3
  Currently                                                                

  HOMA-IR\                                   0.27\      0.67\      0.36\   0.53\
  Therapy initiation\                        1.42       2.49       1.53    0.53
  Currently                                                                

  Lipid profile, LDL cholesterol (mmol/L)\   3.2\       2.1\       2.5\    3.9\
  Therapy initiation\                        2.9        2.2        2.2     3.1
  Currently                                                                
  ---------------------------------------------------------------------------------

EP = early puberty; PP = prepuberty; PA = premature adrenarche; AHI = apnea/hypopnea index; HOMA-IR = homeostatic model assessment of insulin resistance; op = operation; orch = orchidopexy; orch R = right orchidopexy; orch B = bilateral orchidopexy

Discussion
==========

In our patients, rhGH therapy was confirmed to have a positive effect on the growth rate and consequently on the final height and BMI achieved, thereby changing the natural course of the anthropometric features in PWS. Despite the improvement in height, the patient who attained his final height did not achieve his genetic potential by reaching the midparental height. It may have been due to the fact that in his case, the treatment started relatively late, at the age of 10.5 years, and was compromised by early puberty. The positive effect on BMI was the result of both height increase with rhGH therapy, as well as early genetic confirmation of the disease, which was in most of our patients performed in the first year of life. This enabled the families to focus on the importance of an appropriate diet for PWS patients, characterized by a limited energy intake with a macronutrient ratio in which carbohydrates account for 45%, proteins for 25% and fats for 30% of the daily energy inake ([@r17]).

Research results showed that rhGH therapy in children with PWS lasting for years had a positive effect on several parameters. Therapy with rhGH accelerated growth and improved and often normalized the final height. The effect on muscle and fat tissue improved body composition, muscle strength, motor development and cognitive abilities in infants and children, as well as bone mineral density and lipid profile ([@r18]-[@r22]). After almost 8 years of rhGH therapy, the final height in women increased by 14 cm and in men by 17 cm in comparison to untreated patients ([@r23]). In a study by Dutch authors, the amount of muscle tissue increased significantly in the first year of treatment with rhGH and remained above the baseline for the next 7 years. Unfortunately, the portion of fatty tissue increased again after a significant fall in the first year of therapy. It was explained by the natural course of PWS, which cannot be completely altered by rhGH ([@r18]). RhGH therapy administered for several years maintains BMI SDS in the reference range for the general population, significantly improving it compared to that of untreated PWS patients, which is a great success for this group of patients ([@r18], [@r21]). Two of our patients were severely obese at treatment initiation, with BMI SDS of 2.8 and 3.6 (\>99 c), respectively, and 6 and 8 years of treatment resulted in a fall of BMI SDS to 1.7 and 1.9, respectively. One child was of normal weight before therapy initiation and stayed so after 6.5 years of treatment ([Table 1](#t1){ref-type="table"}, [Fig. 1](#f1){ref-type="fig"}).

With the change in body composition, primarily by the increase in muscle mass, a positive effect of rhGH on muscle strength was also noted, along with the consequently increased physical activity. RhGH therapy significantly reduces the retention of visceral fatty tissue, an effect which disappears when therapy is discontinued ([@r24]).

During rhGH therapy, there were also improvements in motor and cognitive development. Results of a randomized controlled study indicate that long-term rhGH therapy significantly improves verbal abilities, as well as visuospatial orientation. IQs were also increased, but not at the level of significance ([@r25]). The mechanism that contributes to such a positive outcome lies in the action (effect) of rhGH on brain development, as indicated by an increase in head circumference. It is clear that greater motor activity of the child owing to better muscular tone and strength contributes to the education process and thus aids cognitive development ([@r22], [@r26], [@r27]). The role of rhGH and IGF in the development of cognitive functions requires further research. Current data indicate that rhGH therapy will not normalize cognitive abilities, but will improve them and thereby reduce the difference between affected children and their healthy peers ([@r28]).

Therefore, the goal of rhGH therapy in children with PWS is different from that in other states of hyposomatotropism. Its aim is not only to increase the growth rate and final height, but also to improve body composition and increase body activity, thereby ultimately contributing to obesity prevention.

Soon after the introduction of rhGH therapy in children with PWS, sudden death outcomes were reported, occurring most frequently in the early stages of treatment ([@r29]). Investigating the causes of death in 64 individuals with PWS, the French authors stated that 44% of the patients had been treated with rhGH at the time of death. Regardless of whether they were treated with rhGH or not, the most common cause of death was a respiratory system disorder, respiratory insufficiency or infection. Seventy-five percent of death outcomes occurred in the first 9 months of treatment ([@r30]). Several possible mechanisms of sudden death during treatment were considered. According to the first, rhGH promotes hypertrophy of tonsillar and surrounding soft tissue, causing obstructive sleep apnea. According to the second, an increase in the basal metabolic rate causes higher oxygen requirements that cannot be met, whereas the third mechanism involves increased hydration due to water retention, which can result in heart volume overload ([@r31]). Of the three theories mentioned above, most attention was paid to the one pointing to sleep disturbance disorders due to tonsillar tissue hypertrophy, which is why otorhinolaryngologic examination and polysomnographic recording should be performed before rhGH therapy introduction. Patients with PWS often suffer not only from obstructive but also from central sleep apnea. The contributing factors are obesity, restrictive pulmonary disease due to muscular weakness and scoliosis, as well as reduced response to hypercapnia and hypoxia during sleep ([@r6]). Studies have confirmed that high baseline AHI caused by both obstructive and central sleep apnea remained the same or improved after rhGH therapy introduction ([@r32]), primarily owing to a decreased number of central sleep apnea episodes ([@r33]). Recent studies also confirm that after 2 years of rhGH treatment, no significant changes in sleep disorders occurred ([@r34]).

Comparing the size of tonsillar tissue prior to rhGH introduction and 4 years later, Berini *et al*. report an increase in primarily adenoid tissue, which required cessation of therapy due to breathing disorders ([@r35]). In healthy children and those with PWS, adenotonsillectomy is the procedure of choice in treating obstructive sleep apnea. If disturbances are continued after the procedure, the use of continous positive airway presssure (CPAP) must be considered ([@r36]).

Breathing disturbances during sleep are characteristic for PWS and there is no definite evidence that rhGH therapy introduction increases the risk of such events in most patients, but caution and appropriate preparation before therapy initiation, and especially during the first year of treatment, are needed. For the purpose of assessing sleep disorders before the introduction of rhGH therapy, it is necessary to perform otorhinolaryngologic examination and to consider the necessity of adenotonsillectomy. Polysomnographic recording is also required in all patients. Significant sleep disorders should be treated prior to the introduction of rhGH therapy and repeat polysomnographic recording is recommended at 3-6 months after rhGH therapy introduction ([@r12]). Two of our patients underwent adenotonsillectomy before rhGH therapy initiation. Polysomnography determined that the baseline frequency of AHI was not a contraindication for therapy introduction, as follow up values ​​were also good. During the described treatment, neither adverse effects nor lethal oucomes occurred.

Sudden death in PWS patients occurs in all age groups irrespective of rhGH therapy. In the age group up to 5 years, the most common causes are respiratory infections, and male children with a higher BMI are more vulnerable. In adolescence, as well as in adulthood, death outcomes are primarily a consequence of obesity-associated complications ([@r30], [@r31]).

In addition to unresolved obstructive sleep disorder, contraindications for the introduction of rhGH therapy in children include severe obesity, poorly controlled diabetes, acute malignant disease and psychosis. For children, there is no simple determinant for severe obesity, such as the one in adults of BMI \>40 kg/m^2^, but it is defined by BMI above 99^th^ percentile for age and gender associated with complications such as sleep disorder, carbohydrate metabolism disorders or non-alcoholic fatty liver disease ([@r12]). At the time of therapy initiation, two of our children had BMI \>99 c, but without any additional comorbidities.

During rhGH therapy, special importance is given to IGF 1 levels because of the potential effect on the development of sleep disorders and malignancies. After 24 months of rhGH treatment, in 72% of PWS children the level of IGF 1 was above 2 SD despite the fact that the rhGH dose was lower than that used for GH deficiency ([@r37]). Until now, the increased sensitivity of patients to GH has not been clarified, but it is encouraging that the IGF 1 ratio and insulin-like growth factor-binding protein 3 (IGFBP 3) remain unchanged, leading to the conclusion that the level of bioavailable IGF 1 is the same as in other GH deficiencies ([@r7]). Additionally, a recent study suggests that the level of immunoreactive IGF 1 is not equal to bioactive IGF 1 during rhGH therapy, and that thus immunoreactive IGF 1 is not a true marker for titration of rhGH doses in PWS patients ([@r38]). RhGH therapy should be carried out with IGF 1 monitoring every 6 to 12 months to maintain its level between 1-2 SD in order to avoid side effects ([@r12]). The efficacy of a rhGH dose of \<1 mg/m^2^/day administered for a longer period is not known, but there are indications that the positive effect on body composition gets weaker ([@r21]). In our patients, with IGF 1 level monitoring, the dose of rhGH was 20-35 µg/kg body weight.

The optimal time to introduce rhGH therapy is not defined, but experts claim that therapy should be started before obesity develops, at around 2 years of age. According to the recommendations, the starting dose is 0.5 mg/m^2^/day with gradual increase to 1 mg/m^2^/day, as this dose provides positive effect not only on growth but also on body composition ([@r12]). Today, there is enough evidence to support early treatment, so that in some centres it begins as early as the first months of life. Currently there are data on the final height achieved by children treated with rhGH from infancy ([@r10]).

Financial constraints in many environments including ours, and considerations related to breathing disorders that occur more often at an early age, lead to very different approaches in relation to patient age at therapy initiation. Since this is a presentation of the first patients in whom we applied rhGH treatment, therapy was introduced between 2.8 and 10.5 years of age. Thirty to eighty percent of patients with PWS have scoliosis, with hypotonia contributing to it. Scoliosis is not a contraindication for the introduction or continuation of rhGH therapy. It is recommended that orthopedic examination and, if necessary, spine x-ray be performed before the therapy is started ([@r12]). Two of our patients had scoliosis at the beginning of treatment. In one of them, the progression of scoliosis required surgical correction that was successfully performed.

One of the possible adverse effects of rhGH is a carbohydrate metabolism disorder due to insulin resistance stimulation. Therefore, during therapy, fasting plasma glucose and fasting insulin levels are monitored, as well as the levels of HbA~1c~, and an oral glucose tolerance test is recommended in obese children older than 12 years with a positive family history of diabetes ([@r12]). If lipid profile dysfunction develops in PWS patients, it is consistent with the one seen in GH deficiency and includes elevated levels of total and LDL cholesterol and triglycerides, accompanied by a decreased level of high-density lipoprotein (HDL) cholesterol. RhGH therapy can positively affect the levels of LDL and HDL cholesterol ([@r13]). In our patients, there were no disorders of carbohydrate metabolism, and two children had elevated levels of LDL cholesterol at the beginning of treatment. There were no indications of a negative effect of rhGH on glucose or lipid metabolism parameters. According to other authors as well, therapy lasting for up to 8 years did not have negative effect on carbohydrate and lipid metabolism, blood pressure or progression of bone age ([@r18]).

Due to hypothalamic dysfunction, in patients with PWS, central insufficiency of adrenal gland develops, as confirmed in 14%-60% of patients depending on the stimulation test used ([@r6], [@r21]). We used a low-dose ACTH test and did not establish cortisol or ACTH deficiency in our patients.

In all boys, unilateral or bilateral undescended testes were present, and orchidopexy was performed. During therapy, two patients entered puberty spontaneously, and one of them had an early onset of puberty. In one of them, complete progression of puberty has not occurred and hormone replacement therapy will be necessary. Individuals with PWS are almost regularly hypogonadal with delayed or incomplete puberty and infertility. Unilateral or bilateral cryptorchism is present in 80%-90% of boys and surgical treatment is required in the first or second year of life ([@r7]). Hypogonadism is primarily associated with hypothalamic dysfunction, but today there is growing evidence for primary gonadal damage as well ([@r39]).

Central hypothyroidism is recorded in approximately 25% of PWS children. There is a recommendation to start screening for hypothyroidism by measuring fT4 and TSH from the age of 3 months despite negative neonatal screening results, and then continue annual check-ups, especially in patients on rhGH therapy. In case hypothyroidism develops, levothyroxine therapy is introduced, which was also necessary in two of our patients ([@r6]).

The positive effect of rhGH therapy applied in childhood is reflected in adulthood as well, even years of its cessation after growth has been completed. The effect is visible in lower BMI, as well as better body composition and metabolic status ([@r40]).

The role of rhGH therapy in adult PWS patients is currently not clearly defined. According to different studies, GH deficiency is present in 15%-95% of the affected, depending on the pharmacological GH stimulation test used and the agreed level of GH that defines GH deficiency. It is therefore mandatory in many countries to assess GH secretion before the introduction of rhGH therapy ([@r6], [@r12]). In adults, therapeutic dose of rhGH for this group of patients is 0.1-0.2 mg/day with maintenance of IGF 1 between 0 and 2 SD, as well as monitoring of the clinical response and possible adverse effects ([@r12]). A meta-analysis of 8 studies evaluating the effect of rhGH on the body composition in adults with PWS has reported a reduction of fat tissue mass, visceral and subcutaneous fat, and an increase in muscle tissue volume. Individuals treated for 12 months experienced a mild increase in fasting blood glucose ([@r41]).

Conclusion
==========

Until recently, life expectancy in individuals with PWS was significantly reduced. Lethal outcomes at the end of the second decade od life were common, primarily due to obesity-associated complications. A significantly earlier detection of the disease by means of genetic analysis has enabled the introduction of timely changes in the eating habits of those affected, which, along with rhGH therapy, has prolonged life expectancy and improved the quality of life in most patients.

Therapy implemented until now, including a customized diet for PWS, as well as rhGH therapy, has not only provided a satisfactory growth rate in our patients, but also prevented development of morbid obesity, without any adverse effects. This treatment approach will ensure transition of a greater number of PWS patients into adult (internal medicine) care, where a multidisciplinary approach in the treatment and care of this patient population needs to be continued.
